INTRODUCTION
One of the limitations of using the skin colour as anthropological characteristics has been that it is liable to change by sun-tanning due to natural solar irradiation.
In comparing the skin colour of two populations the difference in the average skin colour may, at least in part, be attributed to the different environmental conditions with respect to sunlight. Even in the measurements made in winter in the higher latitude, the effect of "pigment darkening" viz., the darkening of the secondary pigmentation already formed by sun-tanning which is caused by the ultraviolet of relatively longer wavelength, is known to be considerable (BLUM, 1954) .
According to LEE & LASKER (1959) , the degree of the sun-tanning under an experimental ultraviolet irradiation was subject to great variability, both racial and individual. Also it was believed that the sun-tanning occurs the most strongly among mongoloids or brunette whites and much less among negroes and blonde whites (CooN et al., 1950) .
Reflectance spectrophotometry in skin colour studies has recently taken the place of the former rather subjective methods of colour matching (WEINER, 1951; LASKER, 1954; GARN et al., 1956; HARRISON et al., 1956; MORI et al., 1956; BARNICOT, 1958; WALSH, 1963 etc.) . However, relatively few studies using this method have dealt with measurements of the change in skin colour due to sun-
tanning.
To what extent the secondary pigmentation is influenced by the primary one may be tested by the experimental study. However, in the absence of such a study, it was felt to be of value to investigate the natural sun-tanning among individuals who were living in essentially similar environmental conditions with respect to sunlight, and among whom a considerable variation of the initial pigmentation was found. The hybrid subjects of . the Elizabeth Sanders Home, Japan, appeared to fulfil these conditions. There was an unusual variation in the skin pigmentation, which would never be encountered in pure Japanese populations; the subjects were living (LASKER, 1954; GARN et al., 1956; OMOTO, 1965 The white enamel plaque having the reflectance value of 68% for each filter was used as the working standard.
The sites of the skin measured were: the forehead, the cheek, the outer and the inner sides of upper arm, the chest and the shoulder.
However, the two sites of the arm, taken approximately at the mid point of the upper arm, appeared to be superior to the other sites. These areas of the upper arm were easily accessible and relatively free from various disturbing factors such as lentigo, dirtiness or flush, and thus convenient in field studies.
*) X=0.8A+0.18B , Y=G, Z=1.18A. 
RERSULTS

Correlation in reflectance values with different filters
In agreement with other studies (LASKER, 1954; GARN et al., 1956 ) the readings with three different filters, B, G and A, were highly intercorrelated, although the three colour filters used by these authors were of a different type from those used in the present study. ('white') and 0.99 ('negroid') for females. The values between A and G were 0.91 ('white') and 0.90 ('negroid') for males, 0.85 ('white') and 0.97 ('negroid') for females. However, when all readings of spring and autumn, and of the outer as well as the inner upper arm were considered together, there was an indication (37) Keiichi OMOTO that while the relationship between A and G was linear, the regression coefficient being roughly 1.0, the relationship between B and G was not linear, the regression coefficient increasing as G or L, lightness, increased (Table 2 ).
This finding may be explained by the fact, that the individual and racial variation of human skin colour is the expression of the parallel shift of a unique reflectance curve of the spectral distribution (EDWARDS & DUNTLEY, 1939) . While the variation at the longer wavelength of the visible spectrum is parallel, as indicated by the bA values, the variation at the shorter wavelength, namely 400*500m*, appears to be less in amount than that which occurred at the longer wave- 
Difference in the lightness of the two racial groups
The reflectance values with the green filter recorded in March were used as the estimates of the initial luminous reflectance or lightness, which will be referred to in the following as L. The means and the standard deviations of L are presented in Table 3 for various sites measured and the two main racial groups.
The same values of the pure Japanese subjects mentioned above are also given in the the chest for the both racial groups and for both sexes.
In the mean values of L, the hybrid 'white' group was only slightly lighter than the pure Japanese group, while the 'negroid' group was significantly darker than the latter. The lightest individuals of the 'white' group and of the pure Japanese incidentally had almost the same reflectance values: L=42% in both groups for males ; L=39% in hybrids, L=40% in Japanese for females. However, since the present samples were inhabitants in the rural districts, and may presumably be under condintions with stronger sunlight than in cities, while the pure Japanese samples were taken in Tokyo, it remained open whether these two samples could be directly compared as to their reflectance values.
The environmental background of the both places especially with respect to sunlight differ considerably from each other even during winter.
Measurements of the sun-tanning
The difference in the readings between both measuements recorded in March and in September, namely the absolute decrease in reflectance was used as a measure of the darkening of the skin due to natural sun-tanning during summer. The outer upper arm showed the greatest decrease in reflectance among the areas measured and was used in the following calculation.
The inner upper arm, on the other hand, showed the least decrease in reflectance. This area appeared to furnish the most stable measurement of the primary pigmentation.
To see whether there was some correlation between the absolute decrease in reflectance and the initial lightness of the skin, the scatter diagrams were made (Fig. 2) . Among 69 males and 37 females on whom the both measurements in March and in September could be made, 47 males and 26 females had been together to sea-bathing, while the other 22 males and 11 females had remained at the Home during the summer in 1960. The latter group was excluded from the diagrams. A positive correlation between the absolute decrease in reflectance and the initial lightness (L) of the skin could be inferred in Fig. 2 . When the both racial groups were considered together, the correlation coefficients estimated were : 0.617 (df=43) for males and 0.355 (df=22) for females. The former value was highly significant statistically, while the latter was not. When the both racial groups were separated, the correlation coefficients were : 0.434 (df=33) for 'white' males ; 0.375 (df=13) for 'white' females ; 0.362 (df=8) for 'negroid' males ; 0.285 (df=7) for 'negroid' females.
Only value for the 'white' males was statistically significant at 1% level. Table 4 demonstrates that the average decrease in reflectance during summer is in the magnitude of ca. 4-7% for B, 6-8% for G and 8-9% for A (males) ; ca.
4-6% for B, 4-6% for G and 3-6% for A (females). It is noted that the decrease in reflectance is more marked in the males than in the females. Though the difference is small in the absolute decrease, the relative decrease expressed as percent of the initial reflectance clearly shows this situation. Thus in the measure-
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A scatter diagram similar to Fig. 2 based on the relative decrease in reflectance indicated a negative correlation between the relative darkening of the skin and the initial lightness. However, the estimated correlation coefficients revealed no statistically significant relationship. In the mean values (Table 4) , the 'white' and the 'negroid' groups do not differ essentially from each other. The range of the relative decrease in reflectance G, namely the lightness, may be estimated to be fairly close to 30% (25-35%) in the given condition of the samples. However, the average of this value in the outer upper arm for the 'negroid' group alone appeared to be higher (34.1% for males; 30.6% for females) than that for the whole group (32.8% for males; 27.5% for females).
Skin colour change in chromaticity
It is well known that any single colour as it is percepted can be specified by (41) the three attributes : lightness, hue and saturation. Lightness, or brightness, or ' value' (Munsell System) indicates the variation from dark to light, hue the kind of colour depending on the dominant wavelength, and saturation the variation in purity at any hue. The last two variables are usually expressed collectively as "chromaticity ."
The use of the tristimulus filters enables to compute the chromaticity by simple equations as already mentioned. Any colour can be characterized by plotting a point (x, y), the chromaticity coordinates, on the chromaticity diagram. Although inaccuracy as to the absolute colour specification is unavoidable by measurements of such a simple apparatus, the tendency observed in the diagrams in the differences of the two readings was excepted to be reliable. As is readily apparent in Fig. 3 , the colour change found in the 'white' subjects tended almost constantly to indicate the increasing saturation. On the other hand, the change in the hue are various in direction. The similar diagram made for the 'negroid' subjects, however, showed much more variable direction in the colour change. A tendency to increasing saturation was again found, though not so constantly as, in the 'white' group.
DISCUSSION
The material of the present study was unfortunately of little value from the genetical point of view, since informations on their parents were almost entirely lacking.
On the other hand, when the subjects were regarded to constitute a single population in which the initial pigmentation of the skin covered a wide range of variation, it seemed to provide a rare opportunity, at least in Japan, to study whether the natural darkening of the skin during summer was affected by 
Keiichi OMOTO the degree of the initial pigmentation.
According to HARRISON & OWEN (1956) using the Evans reflectance spectrophotometer with nine different filters, melanin concentration of the skin is proportional to the reciprocal of the reflectance values. Such might also be the case in the values obtained with the methods employed in the present study.
In the absence of the experimental confirmation, however, only the reflectance values in themselves have been dealt with.
Although the measurement error involved with this type of simple instrument appears to be considerable for exact colour specifications, the reproducibility of readings on one and the same colour sample is thought to be sufficiently high (GARN et al., 1956) , so that the instrument may well be applied to studies mainly dealing with differences in reflectance of the skin, rather than absolute reflectance or exact specification of colour. For exact colour specifications, the colour of the working standard should have been fairly close to that of the human skin, instead of white (DE KLEINE, 1955) .
In agreement with the experimental study of LEE & LASKER (1959) , individuals with the same initial reflectance, in this case L, showed marked variation in the degree of darkening of the skin during summer. Furthermore, the individual behaviour towards sunlight also may vary considerably even when the subjects went sea-bathing together.
That females indicated less decrease in reflectance than did males may therefore reflect the more inactive habits of girls to sunlight, especially during summer.
The diagrams (Fig. 2) showing the relationship between the absolute decrease in reflectance during summer and the primary reflectance suggest that there is actually a correlation between both values. This tendency will be more marked, when only individuals with a relatively high degree of darkening of the skin at any given initial lightness value are selected. On the other hand, when the relative suntanning per unit initial reflectance, namely the relative decrease in reflectance expressed as percent of the initial lightness value, is taken, a tendency contrary to that for the case of the absolute decrease in reflectance is found, although there is no stat istically significant correlation. In the average values, the 'negroid' subjects showed slightly more marked relative sun-taning than did the 'white' subjects.
The scantiness of the samples, especially of the 'negroid' group made it impossible to draw conclusions as to whether the degree of sun-tanning under a given amount of solar irradiation is affected simply by the degree of primary pigmentation, or there are other factors relevant to the racial difference. Clearly more work is needed to elucidate this question, especially some along the lines of the experimental study made by LEE & LASKER (1959) .
Both seasons during which measurements were made, March and September, September means the maximum degree of the sun-tanning, nor does the readings in March the minimum degree of it. Therefore, the greater extent of the decrease in reflectance obtained in the present study may not necessarily indicate the more extensive darkening of the skin through sun-tanning only, but also the lower degree of recovery from the darkest status, which may again subject to individual or racial variation.
SUMMARY
An attempt was made to measure the degree of natural sun-tanning among the hybrid subjects of the Elizabeth Sanders Home, Japan. The skin reflectance was measured on 69 males and 37 females, 7 to 14 years of age, in March and in September of the same year using the Photovolt photoelectric reflection meter.
Although the absolute decrease in the skin reflectance during summer tended to correlate positively with the initial degree of lightness of the skin, the relative decrease as a percentage of the initial reflectance indicated a reverse tendency : the subjects of the 'negroid' origin indicated an increased darkening of the skin compared with the other subjects. In the chromaticity diagram, a tendency of increasing saturation was found for the skin-colour change through sun-tanning
The significance of the data was briefly discussed.
